A b s t r a c t Visceral pain brings deep medical burden to society, and it is clinically often the first symptom which leads to a medical consultation. In the time of deeper understanding of molecular transducers in pain pathways, there is still need for models to test hypothesis how would selective inhibition of nociceptive pathways modulates the behavior of experimental animal. In comparison with somatic pain, there is less visceral pain models, probably due to complex extrinsic (dual innervation by dorsal root ganglia and vagus nerve innervation) and intrinsic innervation. We want to develop a new model of visceral pain in guinea pigs to test our hypothesis that vagal afferent innervation affects perception of visceral pain. In this mini-review we would like to closely describe advantages and drawbacks of visceral pain models used in our department.
INTRODUCTION
Chronic visceral pain is clinically one of the most common reasons for visits to general practicioner's office [1] . Although essential for host survival, pain can become unbearable especially when chronic. Unexplained abdominal pain represents a significant healthcare burden and one in which there is a current lack of effective treatments. Despite an enormous effort, an integrated understanding of the pathophysiologic mechanisms of chronic visceral pain, particularly with respect to functional gastrointestinal disorders, remains incomplete. A key to discovering novel therapeutic approaches inevitably involves understanding of basic pathophysiology of visceral pain perception. Currently our knowledge about pain perception in animal models is limited and majority of what is known about pain and nociceptors originates from studies of somatic structures (non-visceral components of the body, principally skin). Nevertheless, the most common pain produced by disease and the most difficult to manage is that originating from the internal organs [2] . This review is denoted to study nocifensive responses in guinea-pig model of acute and chronic visceral pain from upper gastrointestinal tract.
Guinea pigs in pain studies Guinea pigs are widely used in studies of vagal afferent innervation of gastrointestinal tract as described earlier in work of Kollarik and col. [8, 9] . Guinea pig's esophagus is a suitable model to study the visceral pain for following reasons: a) guinea pig's vagal afferent nerves are most similar to human from all laboratory animals other than primates, which are unavailable (example: pharmacological properties of respiratory vagal mediated reflexes are in humans and guinea pigs almost identical, which is not relevant for rats and mice), b) esophagus is simpliest visceral organ for studying vagal afferent nerves, c) existence of verified molecular tools for selective inhibition of vagal afferent innervation in guinea pig (adeno-associated virus vectors with shRNA Nav1.7 used in [15] ). Vagus nerve role in visceral pain Innervation of visceral organs differs considerably from innervation of somatic structures. Main difference is dual afferent innervation. Afferent nerves are provided from dorsal root ganglia and vagal ganglia, respectively. It is known that vagus nerve innervates the vast majority of internal organs and almost 80% of the vagal fibers are afferent, but until recently they were attributed only to a role in reflex circuits [3, 4, 5] . Recent discoveries have shown that patients with high spinal cord injury feel the pain caused by esophageal noxious distension [6] and gastric noxious distension [7] . Former Kollarik's and col. [8, 9] work shows population of afferent vagal nerves in guinea pigs esophagus capable of sensing and encoding chemical (acid, adenosin, capsaicin, bradykinin) and mechanical noxious (mechanical distension > 60mmHg) signals [8, 9] .
There are existing rat models of visceromotoric response (VMR) to noxious distension of gastrointestinal system. Ozaki and col. [12] found no change in VMR as a response to gastric distention after vagotomy. Lamb and col. [13] found vagal afferent nerves from stomach sensitive to chemical nociception but not dorsal root ganglia (DRG) afferent nerves. Sakurai and col. [11] interprets data that vagus nerve resection do not affect VMR to gastric distention, but we can also see only partial effect of splanchnectomy (DRG ressection), and we can anticipate that combination of vagotomy/splanchnectomy would be of higher efficiency. Furuta and col. [10] findings of chronic pain model in rats suggest that subdiaphragmatic vagal dysfunction cause chronic muscle hyperalgesia accompanied by visceral pain. Vagal afferent participation on visceral nociception is therefore not clear in literature. While the contribution of the vagus nerve to visceral pain remains unresolved, the vagus nerve clearly plays an important role in the prominent autonomic and emotional reactions to visceral stimuli [14] . Therefore, new models of visceral pain in guinea pigs are necessary to describe function of vagal afferent innervation in perception of visceral pain.
Objective assessment of the pain behaviour in animal models In 1979, the International Association for the Study of Pain (IASP) defined pain as "an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms of such damage". With respect to scientific opportunities, animal models of pain often exhibits limitations when it comes to modeling of the complex processes unique to human functions. Never the less many models of visceral pain described in the literature focus primarily on acute visceral nerve activation using mechanical distension, chemical irritation, and/or inflammation [16] . To name few, techniques that are used to measure the visceral pain: viscero-motoric response [17] , voluntary movements [18] , vocalisation [19] , c-fos expression [20] , functional MRI [21] , grimace scales [22] , production
of stress hormones and cardiovascular reflexes. There is scarce evidence of true chronic pain models, which are in our opinion, affected less by limitations of pain modeling in animals. In our department we are currently using the VMR analysis in acute pain model and voluntary movement analysis in a chronic pain model.
Guinea pig model of acute visceral pain
Many of the behaviors that are thought to represent spontaneous pain have been reported in different animal models of persistent, inflammatory and neuropathic pain to measure the nature of animal pain experience [2] . Measurement of acute visceral pain in animals is in current model based on brain stem VMR [14] . Viscero-motor reflexes, which were first described by Sherrington in decerebrated animals, is an unconscious respose to noxious stimuli, without consciousness playing a role in pain processing [26] . It is possible to use it as an objective measure of response to painful stimuli. Data are obtained from electromyography (EMG), take advantage of one aspect of behavioral responses to noxious stimuli that are present in many species, including humans, which cause twitching/higher muscle tonus of acromiotrapezius muscle in guinea pig. As the noxious stimulus mechanical noxious distension of esophagus mediated via naso-esophageal Fogarty catheter was used.
Electromyography is a more objective measure of nociceptive behavior than observational techniques [17] . The principal advantage of EMG compared to observation to quantify behavior is that the former provides a direct measure of the electrical activity generated within a specific muscle group during contraction, and is, therefore, not inherently influenced by experimenter bias. Advantage of this technique is the long-term stability of the EMG electrodes which permits chronic time-course studies in addition to acute interventions. Major drawback is a nature of muscle electrical activity, which means animals must be calm and without any movement prior to EMG recording. Each movement is therefore, affecting EMG recordings and reducing validity and possibility to analyze data correctly.
Discussion about usefulness of acute pain models that are measuring response to severe, acutely induced pain, e.g. model of acute VMR of esophageal distension [13, 23] , is under debate worldwide. To date, there has been limited animal research evaluating the kind of dull, diffuse and persistent visceral pain in animals frequently observed clinically in humans. For addition, even if one model is called chronic visceral inflammatory pain [14] , the actual nocifensive behaviour, visceromotor change, vocalization or increase in c-fos expression is caused by acute stimuli (personal discussion with Prof. Peter Holzer, Medical University Graz, Austria).
Guinea-pig model of chronic visceral pain
The evaluation of chronic pain symptoms and the interpretation of their objective findings in experimental models is problematic. Major problem is that pain symptoms are only nocifensive responses to noxious stimuli. Stressfull conditions during experiment strongly affect nocifensive response in awake animals. However, prolonged experiment with telemetric system brings advantage of significantly lower stress induced by the observer -experimental animal relationship. We hypothesized that chronic visceral pain model could bring more complex nocifensive response evaluation in comparison with acute model. Miwa et col. [18] describe rat's model of reflux esophagitis, where changes in voluntary movement of esophagitis model reflects visceral symptoms and serve as an index of chronic abdominal symptoms. On the basis of their experiment we set up simple experimental model of guinea pig with reflux esophagitis. Chronic gastroduodenal reflux model, is induced by postpyloric duodenal narrowing and pneumatic dilation of lower esophageal sphincter (Fig. 2) . New telemetric state of the art system ( Fig. 2 ; Data Science International, MN, USA) is designed for longterm sampling (up to 6 weeks, depends on implanted transmitter) of any biopotential (electroencephalography, electrocardiography, electromyography, etc.), body temperature, blood pressure, nerve activity and locomotor activity with video recording of each animal in separate cage (example in fig. 3 ). We use transmitters with one biopoten- Fig. 2 . Scheme of telemetric system -animal, implanted with transmitter (T) with 2 electrodes leads for 1 biopotential acquisition (e.g. ECG). Each animal is housed alone in plastic cage and put upon single receiver. tial recording possibility (electrocardiography, ECG). ECG data allow to measure heart-rate variability as viscero-vegetative reflex and brings another objective finding for this experimental model.
Different anatomy of the upper GIT in guinea pigs is a major drawback of model of chronic visceral discomfort currently in use. Guinea pig's stomach is a so-called stuffed stomach with very few muscles and thin stomach wall. Therefore it is not able to transport the chewed food to the next parts of the digestive system without help. This task is taken over by the next meal. Consequently the appropriate feed for this animal must be low in calories and continuos. Therefore, guinea pigs are prone to gastric dilation volvulus, if used duodenal obstruction would be very narrow.
CONCLUSSION
Visceral gastrointestinal pain and functional gastrointestinal disorders have attracted increasing attention in recent years [25] . The mechanisms are complicated and poorly understood. The first step for better understanding of the visceral pain would be the development and validation of an objective evaluation method, which allows analysis of symptoms in experimental models of visceral pain. Vagal afferent participation on visceral nociception is therefore not clear in literature.
We are currently working on two different models of visceral pain. Current acute visceral pain models got limitations of presenting visceral pain main characteristics -dull, diffuse and persistent pain -main reason for general practicioner's office visit by majority of patients. To this date more reasonable seems to be a model of chronic visceral pain which is capable of long-term distress observation of animals with chronic visceral pain. This work would like to show better way for development of new models of visceral pain with more physiological setup in the future.
